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Abstmct
Thispaperanalyzeshowtheprincipalinducesthedynamicincentivesamongagentsthrough6oZル
ノルビ〃o"e/αひﾉα"α〃o"-ｍo"eZαひ/"Ｃｅ"lljveschemes・Theprincipalcomnitsherselftotheincentive
schemeatthebeginning,imervenesinthecompetitionamongagentsattheinterimstage,andassignthe
productionshareinthefinalperiodBydoingso,anasymmetncequilibriumfavorablefbrthewinneris
generatedinthesubsequentsubgame,whichinterncreatesZﾉieZo”α"，e"/朝bcfF〃ozlg/zﾒﾉbe伽α℃/e
pljzejM1a/i｢応/perjo仏inadditiontothemarginalstrategiceffectwecharacterizetheoptimalsolution
oftheoverallproblem(aKuhn-Tuckerproblemwiththeglobalincentiveconstraints)oftheprincipal,and
investigatesomeconditions,underwhichtheprincipalwantstoinducetheexpostcompetitionamong
agentsactively,underwhichshedoesn1tinduceitandrestraintheprocurementfmmtheloser,andunder
whicbshechoosesnottointerveneinthefblnmof`allotment,，ｅｖｅｎwiththeobservabilityoftheprogress
onthewayamongagentS
Thesesolutionsimplythattheprincipale"ぬ脚”叩choos“Z/iemo血q/c川,e""o"，
dependingupontheexogenousconditionsThiskindofinterventionmechanismnotonlycontributesto
thegrowthoffinns,butinducesit陀麺cosrlb′ItexplainstheefHciencyofJapanesesubcontractmg
systems,andalsogivesanimportanthintonthegrowth(catchup)ofEastAsianCountnes
Keywords・ControlledCompetition,toumaments,renegotiation,technologytransfer,allotment,Kuhn-
Tuckerproblem,slack,relaxingortightemngtheincentiveconstraints．
川、αﾉq/ECO"ｏｍｊｃ肱、､”ClassificationNumberD43,Ｌ1４
１
1．Introduction
Theaimofthispaperistoinvestigatehowtheprincipalinducesandcomrolstheincentivesofthe
twoagentsinthedynamiccompetitioninolganizations,usingseveralmstrumems,butunderseveral
constraints,fiFomtheviewpointofhisorherprivatepayoBE
Thistypeofcontrollingdynamiccompetitioninorganizationsisoftencalled`ControUed
Competition，Itisakeyconceptfbrexplainingthegrowthanddevelopmemoforganizations・
Atfirst,letuspresentthetworepresentativeexamplesofsuchtypeofcomroUedcompetition，
observedintherealwodd
IntheUSdefbnseprocurement,thebuyer(govenⅡnentorDOD)procuressomeunitsofa
particular(perfectlydivisible)itemTwofirms(developers)couldsupplytheseunitsandcompetewith
eachother,seekingfbralargerorderfiPomthegovenmentThisisknownas`SecondSourcing'(Fora
survey,SeeAntonandYao(1990)）
Second,alsoinJapanesesubcontract-systems,thebuyer(theassembler)employsthetwopart
suppliers(sub-contractors),andletthemcompetewitheachother,earlyinthedevelopmentstagesThis
iscommonlyobservedinthedevelopmentactivitiesofthepartsof11thedrawingsapprovedi',calledthe
''Desigﾙin'【Itami(1986,88)pointsoutthatthistypeofcompetitionpromotestheaccumulationofthe
relationspecificskill,andcontributestothegrowthandthecompetitiveadvamageoftheJapaneseauto
industriesAsfbrthesephenomena,ｗｅcanunderstandthattheprincipal(buyer)maximizeshisorher
profitachievedontheequilibriumpath,throughcontrollingthedynamicincentivesamongtwoagentsby
usingtheincemiveschemesThen，weneedtoconsidernotonlythe腕o"emr〕ﾉincemivescheme,such
asthemonetarypayment(bonus),butalsothe"o泳加o"eZmyincentivescheme,suchastheallotment
(quotalbecausetheprincipalcanincreaseherprofitbyreducingthecostfbrimplememingthehighlevel
ofincentives,withthehelpofthenon-monetalyincentiveschemes、
Ｉｎｔｈｅ`controlled,competition,theprincipaIisfacedwithseveralincemiveconstraints・Ｆｏｒ
example,heorshewillhavetosatisfytheex-anteandex-postglobalincemiveconstraints(individually
rationalconstraints),inordertoinducetheagents(thewinnerandespeciallytheloserintheinterimstage）
tocontinueparticipatinginthecompetition,ineachoftwoperiodsThismayconstraintheobjectiveof
theprincipaLandsoheorshewillhavetocontnvesomeinstrumentsrelaxingtheconstraintsinorderto
attainthehigherequilibriumpayoffS､ｏｒ,whenthetechnologytransferoccursintheimelimstagein
２
equilibrium,howdoesitafTectuponthedynamiccompetitionandtheattainablepayoffbthroughboth
inducingtheexpostincemiveandchangingthetightnessoftheincentiveconstraims？Theseconstraints
mayafTectuponthenatureoftheex-antecontracts,andasaresult,themodeofcompetition
endogenouslychosenmaybechanged
Asfbrareviewoftheliterature,thispapercanbeplacedalongthelineoftheproblemsof
designingtheoptimalcontractsunderseveralincentiveconstraintsForexample,Itoh(1991)mvestigates
thecontractdesignbytheprincipalinamulti-agentsmodelfiFomtheviewpointofwhetherandwhensbe
shouldinduceeachagenttoprovidethehelpingeHbrtsfbrhiscoworkers,inadditiontotheowneHbrts
KofinanandLawaree(1993)considerstheoptimalcontractdesignunderthepossibilityofside‐
contractingamongseveralsubgroupsinathree-tierhierarchy・Ourpaperratherinvestigatesthecontract
designofhowtheprincipalshouldchoosethemodeofdynamiccompetitionamongtheagents,under
exogenousconditions・Onefbcusistheinteractionbetweentheex-anteandtheex-postglobalincentive
constraintsthroughtwoincentiveinstruments.、
Ｔｈｅｓｏｌutionofthepapercorrespondstotheendogenousdeterminationofthemarketstlucture，
whichcanbeinterpretedalsointheviewofthetheolyofthefirm・Theeliminationtoumament
corTespondstothestrategyoftheprincipaloftheconcentrationoftheaUocationofcontrolrightoverthe
ex-postactionsino"ｅα脚/,andthenon-eliminationtoumamentcolTespondstotheoneofgivingcontrol
righttotwoagents,lettingthemcompete、Asanintelpretationintheviewoftheinteractionbetweenthe
ﾉﾉytw7m//o"sか"c/"resandthemducedincentives,wecanstatethattheprincipalmayobservethesjg〃
oｎtheprogressontheway,i､e､,thefirstperiodcapitalaccumulationoutcomeanddeterminetheinterim
rank,withthedifTerentialallotmentpairjfandonlyifthatisspecifiedintheimtialcomract､Also,the
obselvabilityonthefirstperiodoutcomeamongtheagentsgenerateszhe"αＨｇｉｍﾉsj7meg7cQ'ectand
reducestheincentivecost，thoughourpaperalsoincorporatestheaUotmemschemeofthe
principal,generatingZ力e伽"αe/o"、α'"e"'縦aj
ThispaperisorganizedasfbllowslnsectionZ,wepresentthetwo-stageprocurementcontract
modellnsection3・lthrough33,wesolvethemodelbythebackwardinductionThesolutionofthe
'IntheworldofincompletecomFacts,byinherentmultiplicityofequilibria,infbrmationrevelationandmcentwe
compatibleequilibriumselectio､,atoumamentcanbccndogenouslygeneratedtostrengthenthemvestmentmcentivem
therelationspecificskilLAsfbrthis,seeKomshi,Okuno-FUjiwaraandSuzUki(1996）
３
overallproblemcorTespondstothesituationwheretheprincipalendogenouslychoosesthemodeof
dynamiccompetitionamongtheagents,dependingupontheexogenousparameterslnsection4,we
presenttheseveraltheoreticalextensionsinfbrmally、Insection4,weconcludethepaper．
2.ＴｈｅＭｏｄｅｌ
Ｎｏｗ,weconsiderthetwosetsofriskneutralplayers・Wecallthemtheplincipalandtheagents
ThesettingofthemodelisbaseduponthemodeloftransactionalrelationshipofGmssman-Hart(1986）
Forexample,wecanimagetheJapanesepartstransactionalrelationship,butthemodelisalsorelatedto
the“secondsourcing，，modeloftheUSdefenseprocurement(1)．Thefbnnerofthetwosetsofthe
playersisabuyer,andthelatteristhesetofpotentialsellers(suppliers),wherethesellers(suppliers）
supplythepartsneededfbrtheproductionofthefinalgood(egtheautomobile)tothebuyer(assembler）
Theprincipal(thebuyerorassembler)exercisesandiscretionovertheorgamzationstmctureandthe
supplierscaninvestintheaccumulationoftherelationspecificskiUFurther,theseinvestmemsare
specificfbrthebuyer・Weassumethattheprincipalcanemploythetwoagentsovertime（Ofcourse，
bothpartieshaveadecisionmovetostoptherelationshipontheway.）
Figurelaroundhere
Asyouseeffomthefigurel,inthebasicmodel,thereexisttwoperiodsbefbretheproductionand
thesalesoccur、Theaccumulatedcapitalstockremainstobeunknownuntiltheendofeachperiod
Thatofagentiattheendofthesecondperiodisrepresentedbythefbllowingstochasticvariables．
デー
＆＝Kb＋ｅ,+ａ ﾉｰﾉ,２ (1)
Here,Ｋ>2isthemodifiedcapitalstockofagenti,afterthetransfer(spillover)oftechnologyand
knowledgebetweentheendofthefirstperiodandthestartofthesecondperiod、AsisknownfiFomthis
('）See,AntonandYao(1989)andRiordanandSappmgton(1989)LaHbntandTimle(1993)analyzestheproblems
ofincentivesinprocurcmemandregulationmainlymthefamcworkof(staticanddynamic）adversesclection
４
equation,thefinalcapitalstockLconsistsofthesumofthestartofsecondperiodcapitaMq2,the
investmenteiandanoisea,j=/,2,ｊか．Helc,theexpectationofa,Ｅ〃=dandthevalianceofci，
E(aツーo2Gisindependentofanyothervariable,includingother今Theprincipalandtheagemsknow
thedistributionofaTheobjectivesoftheprincipalandtheagentsaretomaximizetheirindMdual
expectedprofitsThetimingofasequenceofeventsissummarizedasfbllows、First,theprincipal
proposesaninitialContract(incentivescheme)imendedfbrbothagentsThecomemsaretwo-fblds、
Oneofthemisthedivisionofproductionvolume(orderedquantity)ofthefinalperiodamongtheagents，
accordingtolh且mmnL[ankTheotheristhemonetaly(down)payment,dependmguponm且-ｈｍL[ank
ofthecapitalaccumulationcompetitionInotherwords,thefbrmerisaccordingtotherelative
perfbrmance(rankorder)ofthehrstperiodcapitalaccumulationcompetitionandthelatteristothefinal
rankbasedupontheoutcomeofthesecondperiodcompetition・Thesuppliersareidenticalinthe
capitallevelexame,andtheyinvestinthecapitalaccumulationsimultaneouslyandindependently,given
theproductionallotmentschemeandtherulefbrthemonetaIypaymentmthesecondperiod，
preannouncedbytheprincipal・Therelativepositionofthefirstperiodcompetitiondeterminesthe
interimrank,andtherelativepositionofthefinalcapitalaccumulationlevels,representedby(1)，
determinesthefinalrankTheruleappointsthatifanagentbecomesafinalwinner,heorsheisgivenan
additivemonetalypnzelnaddition,theprincipalcanchoosethewayhowｈｅorsheimplementsthese
instmments,thatis,usesthembasedontherelativeperfbnnanceofwhatstageAfterobservingthismle，
theagentsacceptorrejectit(2)．Thesupplierscalledtheagentsinvestinthecapitalaccumulation
Theseinvestmentsareunverifiableatthecourt,ｓｏ,non-contractibleTheideaofmcorporatmgthe
investmentintwoperiodsbefbretheproductionandthesalesreflectsthesituationofcontinuous
investmentsandupdatingthequalityofproduct、Thismaybeconsideredasthemodelingoftheunique
Japanesetransactionalfbrmwheretheskillorassetoftechnologicalknow-howandtheproductionskills
arecontinuouslygeneratedandareimprovedandupdatedThissettingatthennalstagegiventhe
accumulatedcapitalconfi8Urations,ifbothsidesdesirethetrade,thetradedgoodsgeneratethevalueｏｆ
(1)perumtproductionWeassumethattheunitproduction(andsales)costiszemHence,thegross
jointsulPlusoftradeisthefinalaccumuIatedqualityrepresentedby(1)ThesulpluswiUgoawaywhen
(2)TheagentsareaUowedtoquittherelationship(andtoobtainitsoutsideoptionvahlc)atanytime
agentacceptsthemcentiveschemeatdatet,andlctXl=Oifitquits,atdatet．
陸ｔＸ}=JifIhe
５
thetradedoesnotoccurbetweenthemThedMsionofsulpIusisdecidedbythebargainingbetWeen
them
3.TheSolutionoftheModeL
Hereafter,wesolvethisthreestagegameincludmgatwostagetoumamentinabackward
inductivefhshionFirst,inthesection31,weanalyzethesecondperiodcompetitionにxposr
co”ｅｊｊ"o"α〃ﾒﾉ，eﾉｧｧ、、"AmgwZmsesmMMlezj【ノ
3.ノZ7ieSeco〃Ｐｅｒｊｏａ
Accordingtothefbllowingcharacteristicofthe11JapaneseStylei1competitionfbnn,thatis，
throughthetransferoftechnologyandknowledge,whichcanbeimerpretedastheioconⅡnunicationI'after
therankingattheendofthefirstperiod,weassumethatthedifTerencebetweentwolevelsofthe
technologyofsuppliers(developers)shrinksThatistosay,eveniftheyreachedthediHeremcapital
stockconfigurations,theleanungincludingtheknowledgetransferortheR＆Dspilloveroccurs・When
theendoffirstperiodstocksa企(Xi1，屍,),杓,thestartofthesecondperiodstockofagentjMq2
～～￣～￣ ～￣
(Ｋ１，脇,ノーＫ＋（Kh-Kﾉ+／イ妬,-Ｋﾉ．Here,ristherealnumber,satisfi/ing０．コ,sotheagentcan
leamtheratetoftheskillaccumulationofhiscompetitor・Forexample,mJapan,thevarious
institutions(Governmemcouncilsandtheprivateresearchcirclesetc）arefbnnedand,atthesametime，
theprivatenetworksfbrtheexchangeofinfbrmationareutUized、ItisweUknownthatmauto/parts
industries,too,theessenceofthedrawingscontrivedbyonesuppUeristransferTedtotherivalsupplier、
Thisisespeciallyoftenobservedi、“thedrawingsapproved，，and/orthedevelopmentactivitiescaUeｄ
'１Design-inwThus,wefbrmulatethecharacteristicoftheIiJapaneseStyleo'competitionasthefbllowing
assumptionlOfcourse,thisisobservedalsointheUSdefbnseprocurementsystems．
Assumptionl：TheLinearTrans化rTechnology
７ルヅノ"ｃｉｐａﾉc`、〃rﾒﾉieWolmmﾘﾉiW7zmS/も"､92/ie肋０Ｗ陀呼`､〃ch"oﾉb80ﾉｋβｙ
伽！,/hed1ｸｾ花"ceq/cqpjmハノocﾉﾋmbcraJscs)cJm伽s血Ｗｑ/sBcolzz！perjmczﾘpjmﾉsmcAなｗｊｊ妃"“
/b比ｗｌｇｎﾉﾋﾞ"Z/leemq/:/71mpeがodszocﾉｂ(K)１，妬,ﾉ,ｊか
６
戸一 一Ｐ■￣￣ヘー
ルノーＫ＋(（１－Ｋﾉ+/･(｣５１－Ｋﾉﾉbrj方,ﾉｰＩ,２，α'、０．コ
Ｐ■ザ
K図(Ki1，
Thisassumptionabstractsmostsimplythesituationthatovertime,theprincipalintervenesinto
theprocessofcompetitionamongthefew,fixedmembers,andhetransfersthespecificknowledgeand/or
technologytoeachother,fbrexample,throughthesupplierassociationsintheautomobileindustry、
AlsointheUSdefenseprocurementcompetition,knownasseco〃so"”"腰thedeveloper(leader),s
technolo8yandknowledgeistransfemredtothesecondsource(thefbllower),whoisthenallowedtotake
overtheproductionthroughbidsagainstthedeveloper、
Thisspecificationcapturessomeessentialideas、Thefirstpointisthetechnologicaldependence
amongcompetitors、ThesecondpointisthatthecapitalaccumulationiseHectiveconditionaluponthe
amountofaccumulation(氏,-Ｋﾉﾉｶﾞ,ﾉｰﾉ,ZLastly,thetechnologytransfermayaccompanythecost
ofadaptationandlearning,whichisfbrmulatedasO。。．
Agentsknowthisleamingprocess(lineartransfertechnology)andmakeinvestmentsinthefirst
perio｡,expectingthisprocess(andconsideringtheeffectuponthesecondstagecompetition)．The
winnerofthefirstperiodcompetitionisgiventhefavorableallotmentintheproductioncartelattheend
ofnextperiod,asarewardbothfbrthevictolyandfbrtransferTinghisknowledgecapitalTms
assumptionimpliesthatafterthefirstperiod,theprincipalgivesaninterimrankonthetwoupstreamfirms
andthenshrinksthedifYerencebetweenthembytheamountofttimesofitThatis,thedifferenceoftheir
capMstocksleadsto(1-`)に1-尾,)DuetothelinearityofteChn・IC帥mnSfemheanalysis
becomessimplerwithoutfimdamentalchanges・Later,weinvestigatetheeHectofthisknowledge
(technology)transferupontheequilibrium,andthesolutionofthemodel(3)．
AssumptionZ:ＡﾉﾊﾞﾉＤＢがｍｅq/ymmZgPrMJajmgzJmMﾉiePm7cjPα/α､ﾉeac/ｌｑｇＵ"/qp"肋egm〃
かｏｍ７ｍｂα"１０'99伽加,αCCC城'ZgroKheMM6q7gz""噸７舵DCJｱ9m)Tj"gpowe7aMiem
exqgu"oﾂﾞSかgive"腕o”、o此１
Onefbcusofthispaperishowthedynamiccompetitionamongtheagentsischangedbythe
(3)Readersshouldn,tconsiderthisassumptlonasununportant・Wegivethenewinsightonthis位ansfbr,diHermtnDm
theexistingliterature(Rjordan-Sappingtonl989）
７
strategy(ｐａｎｄＷ)oftheplincipalThebargainingpowｅｒａのくα＜〃ofeachagentexertsvarious
rolesi、thecomparativestaticsmthemodel,whichisnotendogenouslygenerateｄＮｏｗ,1etusproceed
tothedetailedanalysis．
3.ﾉ.／Ｚ比“ＣＯ〃perjozﾉﾉo"'、ｍｅ"応ｗｊＺｈｐ"ぬcrjo〃α肋ｍｅ"m
Atthestartofthesecond-period,thereexisttwoagentswhoareassigneddiHbrentranksandthe
orderedquantitybasedupontheoutcomeofthefirstperiodcompetitionWecaUthemthewinnerand
theloser,respectivelylnthisimerimstage,theagentsarenotsynⅡnetricanymore,difIerentfiPomthe
beginningofthefirstperiodltisbecausetheystarttheirinvestmentsgiventhediEferentproduction
allotmentsNonetheless,duetotheassumptionl(spmover(transfer)oftechnologyandknowledge)，
bothagentshaveapproachedcloselytoeachotherintheirskills(modifiedaccumulatedcapitalstocksthat
areobservableamongthem)．Underthissituation,theysolvethefbllowingproblemsimultaneously，
giventhemodifiedcapitalstocks,K1zandKzz・LetVzwandV2Lbethevaluefimctionsfbrthewinner
andtheloser,inthesecondperiod
MgMqo腓慨:{疵ｗ〃+Ｍ〔+△eﾉw-c㈹｝
ＭｇＭｗ，腓僻:{/ｍＥｗｒﾉｰ，ﾉg/+(ﾉｰの(△K+△eﾉ)w-c(aﾉ）
(2)
(3)
Thesemathematicalrepresentationsaretheproblemsthatboththewinnerandtheloserfaceinthe
second-periodHere,wepostponetheanalysisofthegﾉbMincentiveconstraintsofbothagentslatem
Themeaningofequations(2)and(3)areasfbllows
①Agentiisassignedtheproductionvolumeatthefinalproductionstage(cartel),accoIdingtotherank
orderinthecapitalaccumulationcompetitionmthefirstperiod,asfbUows、
Theallotmentschemeis(4)
(4)Matsui(1989)mvestigatedthecartelmlefbrimprovingtheconsumersurplusgc"e'α〃．Thispaperdoesn，thave
suchconcem,butmvestigatetheoptimalcon位actunderthelocalandglobalmcentivcconstraintsmeachoftwoperiods
explicitlynleprincipalchoosestheoptimalrulef｢omamongthesetofcrediblecon位actssatisb/ingtheseconstralnts、
８
一妬一路
ン
く
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where9listheinstructedorderedquantitytoagentipistheproductionshareassignedtothe
w,…iMMod…`…÷三・三』●
Thatis,theprincipalusuallyincreasestheorderedquantityfbrthewinnerinthefirstperiodWe
assumetheinelasticdemandcurve,andthedemandfbrthefinalgoods(egautos)thattheprincipal
producesisconstantatthelevelofQ
②反2,,,andK2LarethefinalquaIitiesperunitthegoodsaccumulatedbythewinnerandtheIoser,until
theproductionandsalesstages、ThesecolTespondtothevaluationsfbrtheusersorbuyers、By
assumingzeroproductioncost,thesecorTespondtothegrosstradingvalue．
③αisthebargainingpoweroftheagent,exogenouslygivenThisisthedistributionsharetohimorher
ofthetradegainHence，Ｋ２〃ａｎｄＫ２Ｌｃａｎｂｅ,respectively,viewedastheconsumerpriceofthefinal
goodwitheachcharacteristicsortype(fbrexample,imagineeachtypeofcars）ハーαＫ２”ａｎｄ
Ｈ＝αK2Lmeanstheunitrevenue(inputprices)ofthe(final)winnerand
the(final)loserrespectively(`)．
④Wisthe(monetary)prizegiventothefinalwinner,whohasthelargercapitalK2”thanK2LWe
investigatelaterastowhytheprincipalshouldsetthemonetaIybonusWatthisstage,baseduponthe
secondperiodrelativeperfbnnance(rankorder)(`)．
(6)ThewaythattheconsumerpriceofthegoodwiUbedetennmedisnotexplicitlydealtwithBut,itiseasytocontnve
amechanismwhichimplementsthepricemthetextinequilibriulnAlso,itdoesnotchangetheessenceofwhatlwill
sendtoreadersqualitatively,evenifweconsideranothergamewhichimplementsanotherpartprice(priceof
mtennediategoods),fbrcxample,thcbalgainingbetweenfhmandconsumers
(6)ＳｍｃｃＷｉｓａｌｕｍｐｙｐｒｉｚｃ,thcstmctureofthesecondperiodcompetitionisamzE)ｍｍｅｍｃ/ｏｚｍｍｍｅ"『,givena
diHerentallotmentpairtothetwoagentsThisisadiHerenttechnicalpomth｢omKomshietal(1996）
９
⑤の（△Ｋ+△ｅﾉisthewinningprobabilityinthesecondperiodfbrthewinnerinthefbrmerperiod，
whentbewinnerandthelosermaketheinvestmentsatthelevelofeM,ａｎｄｅＬ，given△Ｋ(thedifference
ofthecapitalstocksbetweenthem）Thisisafimctionof△Ｋ＋△ｅ,where△ｅ＝e１ｖ－ｅＬ
⑥Cisthecostfimctionofinvestmentinthesecondperiod,withＣ'>0,Ｃ">OandC'''２０
Ｎｏｗ,therewinningprobabilityofthewinnerinthesecondisgivenbythefbllowingfbnnula
の(△Ｋ＋△ｅﾉ:＝Pro６(Ｋ２"どＫ２リ
ール06(△Ｋ+e"－eL＞どL-f,Iノ
ーの(△K+e"-eＪ
Here，のisthedistributionfimctionoftherandomvariableさＬ－ｆ肥andwedenotethedensity
fimctionbythesmallletterdWeassumethatのisdecreasingfimctionfbrpositivevalues,ｉｅ｡〃
<Ｍ'X>０．hMmiteSupport[‐扉}andiSSymmemCwithinthatrangei・川)=`(-X）
Ｍｒｓ[-扉｝
Ｎｏｗ,thefirstorderconditionsfbrthesecondpeliodoptimizationproblemsoftheagentsare，
α〃g/＋〃(ＡＫ＋ｅ〃￣ｅＪＷ－Ｃ"(CMB)＝Ｏａｇｌｒ
ａＷＩ－ｐﾉ.ｇノー帥(ＡＫ＋e"￣ｅＪ.〃－CYCリーOａ２Ｌ
(5)
(6)
lnotherwords,thefbllowingtwosimultaneousequationsrepresenttheNashequilibriuminthe
secondperiodundertheassignedproductionallotments．
川Q+`(AK+e"－eL)〃＝C'(e"）（７）
α(1-9,)Q+`(△K+e"－eL)Ｗ＝Ｃ'(eL）（８）
Thefirsttennsofthefbrmula(7)and(8)showthemarginalrevenueofthe(expost)capital
accumuIation,giventheassignedorderedquantityThesecondtermsshowthemarginalvalueproducts
ofthesecondperiodinvestments,throughthemarginalimprovementoftheprobabiUtyofgettingthe
1０
●monetarypayment(subsidy)Ｗ・ToensuretheexistenceofanoptimuminthesecondperiOdproblem，
weassumethatthefbllowingsecondorderconditionsaresatisfied．
`'(AK+e"-eL)〃-C"(e")<０
－`'(△K+e"－２L)〃-C"(eL)<0
[PropoSitionl］
IntheequilibriumofthesecondperiodinvestmentcompetitiolLtheleadinghrm(thewinnerinthe
firstperiod)neverinvestslessthanthefbUower(theloserinthefirstperiod）
lProoq
lnordertocomparetheequilibriumincemivesofbothagents,wecombineequations(7)and(8)，
andgetC'(e")-C'(eL)＝(291-1)α２（９）
Nomg伽｡>叩臺姜加0(｡)Ｍ…in…MbII.w伽
巾●
eｌｙｚｅＬ (10）
ThispropositionimpliesthattheleaderalwaysmakesmoreeffbrtsthanthefbUower,becausethe
pm．i,…9Mm｡…１．伽｡(｡｢｡…川y),>;[｡`…pmodMnn･『,wMbmg‘
aboutthedifIbrenceoMP-〃αQbetweenthemarginalproductivitiesthatresultsintheasymmetnc
､quilibm…．…dPmod【WMO=÷Mbu･獅伽・蔵=小川h…9.ｍ。
propositiononthecomparativestaticsoftheNashEquilibriuminthesecondperiod
[Proposition2］
AnincreaseinthesizeoftheprizeWinducestheincreaseinbothagentsIncentives,butthe
differencebetweenthemshrinks・Inotherwords,themarginalincemiveofinvestmemislargerfbrthe
loserthanfbrthewinner．
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thesecondperiodisgiventothefinalwinner,baseduponthefinalranki汀espectiveoftheinterimrankof
thecapitalaccumulationcompetitionFromtheFOCs(7)and(8),themcreaseoftheprizeWimpliesthe
increaseofthemarginalvalueproductsfbrbothagentsThus,ithasapositiveeffectuponthesecond-
periodinvestmentsofbothagentsBytheway,themarginalrevenuefbreachagentofmcreasingWis
thesamevalue,Ｗ△Ｋ＋ｅ所eJ
Noticingthatthewinnerhasmoreinvestmentsmequilibrium，ｅ〃*＞ｅＬ*,thesamemarginal
revenueinducesmoreincentivefiPomtheloser,undertheconvexityofthecostfimctionmeffbrtmcentive
WerecognizefiPomthMlctthattheincreasedsubsidyinthesecondpeliodshrinksthedifferencebetween
theequilibriumincentivesoftwoagents、
[CoroIlmyll
w…uＭＩＭ⑥=;ひⅢ[hM…圏ＭＣＭ)伽(Mooqm肋、
investmentlevelsare
ｅ"*(｡,既ＭＥ,α,ｇ＝ａｐｏ＋‘*･ｗ
ｅL*(①,既ＭＥ,α,ｇ＝α･口-9,)Ｑ＋‘*･〃
where‘*＝ＷＡＫ＋e"*-eL*ノーＷＭＥ＋α・〃－〃.＠）
Then,bythestatememsoffbnnula(11)，〃｜〃 a2L＊雨=,捌延デノ薑、
Thisimplicationisthat,theincreasedplizeWofthesecondpeliodhasapositiveeffectuponthe
equilibriuminvestmentofeachagent,butinthequadraticcostfilnctioncase,thesizeoftheeffbrtmcrease
isthesame,ａｎｄso,thedifIerencebetweeneffbrtincentivesremamsunchangedOntheotherha､｡,ａｓ
ｐｒ．,､血加鬮MMih…｡fC⑥=芸ハh､r・仇如｡〃…_．……Ｗ
lncreases．
1３
[Corollary2］ 
Asl→/,tbeinvestmentlevelsincreaseinthecompetitiveequilibriuminthesecondperiod 
Ｐｒｏｏｆ 
ＦｒｏｍＦＯ・Ｃｓ(7)and(8),thedifferenceofinvestmentlevelsremainsthesame,i汀espectiveoft，
giventheotherparametersa,Ｑａｎｄｐ・Asr→0,themodifieddifTerenceAK＝ローリ.(ＫＩＩ－Ｋ２１ノ
increases,withdecreasingthemarginalproductMty(probabilitydensity)Ｗ△Ｋ＋ｅ"ｅＪＴｈｅｎ,the 
equilibriumincentiveseiandeZdecreaseshromFOCs(7)and(8)Oppositely,bothｅ"*andeL＊ 
increasesasj→I(technologytransferisprogressed） 
OEn 
Letusfhrtherinvestigatetheaboveresults,mtheviewpointof'<s”reg7c“6sjiim伽j〃cmzノ
ＣＯ〃んｍｅ、、ノリ'１．Accordingtotherankingbasedupontheoutcomeofthefirstperiodcompetition，
thedifTerenceisimposedbetweenthesharesintheproductioncartelattheendofsecondperiod,resulting 
intbedifTerenceofpP-〃αginthemarginalproductivitiesofinvestmeminthesecondperiodltis
whytheasymmetncequilibriumarisesinthesecondperiod,andh｢ｏｍ(10),thewinnerexertsmoreeffbrts 
thantheloserinequilibriumDifIerentiating(7)and(8)represemingtheNashequiUbriumasｔｏｅＬａｎｄ 
ｅｗ,respectively,weobtainthefbllowingefYectonthemarginalprofitability． 
(12） 
(13） 
-`7△Ｋ＋ｅ"*-ｅＬツ・リリＭ
ｊ７△Ｋ＋ｅ"*‐ｅしりＷ'<０
Figure2-1aroundhere 
Thatis,intheneighborhoodaroundthesecondperiodequilibrium,theinvestmemsarestrategic 
complementsfbrthewinner,andstrategicsubstitutesfbrtheloser、Thisimpliesthatthesetwoagents
……uywh.､;＜,＜１，m…iionliMono肋｡剛､g…｡Mn､.『北inc…1p
thefbIIower1s(theloser1s)effbrt,whereasthereactionfimctionofthetrailingfinn(fbllower)isdecreasing 
intheleader1s(thewinner1s)effblt 
Thisfiguresuggeststhattheleadingfimlhasmoreincentivetoinvest(6ecomescJgg7℃ssjve)ｗｈｅｎ 
1４ 
itfacestheintensecompetitionagainstthefbllower,whereasthetrailingfirmhasmoreincentivetoinvest 
whenthewinner(rival)becomesﾉb“qggnress〃e，
Asathecomparativestatics,wecanobtaintheeffectoftheincreasedpupontheequilibrium 
lncentlves． 
[Proposition3］ 
TheefTectofthechangeofPupontheNashequilibriuminthesecondperiodisasfbllows． 
久e"*-ａ*） βYe"*+ａ*ノ７・
〃｜〃 ０ く〃｜〃 三０ ＜０ ” ” 
薑(…川幽云う型+(顎ハ('－．Ｗ］,and血２ aｐ 
Weomittheproofbecauseitisbaseduponthesameprocedureastheproposition2This 
impliesthatbytheincreaseo助(thevolumeofallotmentassignedtothewinner),itdiscouragestheIoser
largelyaftertheimplementationofit,therebythedifferencebetweenequilibriummcemivesincreases， 
ThisisacontrastwiththeresultsontheefIbctofWThelasttennrepresentshowtheweighted 
average:｡ｅ"*+ロー〃ｅＬ*oftheequilibriumincentivesareaflbctedbythemarginalchangeofp
Thesignisambiguousbecausethefirstandsecondtermsarepositive,butthethirdtennisnegativeAs 
fbrit,comparetwofigUres2-2and2-3． 
FigureZ-2andZ-3aroundhere 
Summarizingtheaboveanalysis,theexpectedprofitswhichboththewinnerandthelowerobtain 
respectivelyinequilibriumareasfbllows． 
y2"*＝α･(Ｘ２＋e"*ノイ9,2ﾉ＋の*･〃－Ｃに"*ノ
y2L*＝α･(Kl2＋eL*ﾉ･ロ－｡)Ｑ＋(ノーの*ﾉＷ－ＣにL*ノ
(14） 
(15） 
,Ｍ１･『…=Ｍ+…`化;ルノＭ垰朏ｗａノー
andｅ"*andeL*isafilnctionof△Ｋ，α,Ｑａｎｄｐ,Ｗ、
1５ 
Ｎｏｗ,thedifferencebetweentheequilibriumprofitsis， 
△y*(α,０，Ｋ１２；①,〃＝α・仰一〃.Ｑ・Ｋｉ２＋（αQ/ｐｅ"*‐ﾛｰ〃ｅ〃
＋ロの*-〃・〃‐/Ｃ(ｅ"ﾂｰC(ｅＬ'〃 (16） 
ThisMiMScrejeprjzewhichpositivelyinducestheexante(Brstperiod)mcentivesけomthe
…wh●､の÷伽ｈＭ…Ii……"蠣｡｡mｐ．ｍ．､L…u…｡tho
mechanismwhichworkssofarinthemodel・Theprincipalannouncesandconmitsherselftothe
incentivescheme,wheretheprincipalevaluatesagentsbasedupontheinterimranking(relative 
perfbrmance)oftheoutcomeofthefirstperiodcompetition,andthenchangestheproductionsharemthe 
supplymarketfavorabletothewinnercfrre花ｹ．Thereby,whenthetwoagems(theleaderandthe
fbllower)competefbrthemonetaryprizeinthesecondperiod,thereexistsanasymmetric(purestrategy） 
equilibriumduetothediffbrenceofthemarginalproductivities,resultingmthedifferencebetweenthe 
equilibriumprofitsoftwoagentsThisintumworksasaawoZの7jzﾋﾞﾘwhichenhancestheexante
inc．､…iwo…Ｊｈ…wh・川>;………dMtMM…m…h・mo
witbtheprizeof(16),wheretherewardiMsco"/j""o"３ｌｂ′baseduponhisperfbrmanceseeFigure3 
ThisistheessentiallogicoftheanalysissofanTheglobalincentiveconstraintmthesecondperiod 
(interimindividuallyrationalityconstraim)willbeinvestigatedlater． 
Figure3aroundhere 
ｉ２伽ｶﾞ'ｍｐｅ７ｊｏ‘
AtthestartoftheO-peliod,theprincipalisfacedwiththehomogeneousagemswiththecapital 
stocklevelKSheannouncesanorganizationalstructure(incentivescheme),concretely,themlefbr 
theproductionallotmentinthefinalperiodandtheruleofcompetitionfbrthemonetalypnzeThe 
fbrmerisrelatedtowhethertheprincipale"cjbgU"oⅢsb'choosesthenoneliminationtoumaments⑰≠り，
wheretheloserisnoteliminatedandgiventheonemorechanceinthesecondperiod,ortheelimination 
1６ 
toumament仰＝り,wheretheloserismadetodropoutoftheraceinthesecondperiod,orthe
intertemporalmonopolybythesinglesupplier． 
twoagentschoosethecapitalinvestmentlevelsofthefirstperiod,ｓｏ ヘfte「acceD[lnEth
astomaximizetheirownexpectedpayoffb・Ｎｏｗ,wesupposethatthecapitalstockofage､tiattheend
ofthefirstperiodisKl,＝Ｋ＋肋＋＆ノ≠〃＝１，２．Ｋisthecapitalstockatthestaltpoim,observable
amongtheprincipalandtwoagentsAistheinvestmentlevelduringthefirstperiodさ,istheuncertamty
factor(therandomshockinthefirstperi。｡)Next,wesupposethatF(h),whereルーノリールisthc
winningprobabilityofagentノinthefirstperiodcapitalaccumulationcompetitionThen，
宍～宍－
Ｆ＝DoMl,〉KOリーProMlj-伽ａ－ａノー〃li-/2ﾉノ (18） 
牙aisthedifTerencebetweenthenoisｅ９ａｎｄｑ,andthusFisthedistributionfimctionofthe
randomvariableq-q 
FromtheanalysisinthefbnnersectionWeseethattwoagentsarefacedwithmE-mllQ]azing 
JulllmII1⑤IlLbUIl巳１，t
(,JＭ ハジＰ￣ＫＩＩ＜KO， ～←－ Ｋ１，＞KO！ Ｐ￣デーSl(KlIルノ＝
lftheagentwinstheraceinthefirstperiod,hecanobtainZheめSc1℃repljze△yinadditiontothe
basevalueZLSeeFigure3・TherewardofagentノisbaseduponhisabsoIuteperfbrmaｎｃｅＫｈ
伽ＣＯ"""Ⅲo"３ｹ．ThisisdiffbrentfiFomtherelativeperfbrmanceschemewheretherewardisbasedupon
hisabsoluteperfbrmanceKhcontinuously・Theimportantpomtofthisschemeis 】巳 JIHL1nuIL1 ， 
ratherthan ,becauseitgeneratesthesourcefbrestablishingtheexantefierce l⑤I１ＵＩｌＵＵＩ 
competitionbetweenagents 
Twoagentssolvethefbllowingproblemssimultaneouslyandindependemly,giventherivars 
investmentﾉiｊ 
Ｗ８．:(ﾉwy2"*+(ﾉｰｊｗノハ*}-9(ｈ`）ｊ≠〃＝１，２ (19） 
1７ 
Thefimdamentalequationofthisproblemis,givenﾉﾘ， 
ﾘ'i(x,K,/1/)＝Ｗが{y2L*+F(ん)･〃*)-9(ｈ'）ｊ≠ノル１，２－￣ (20） 
ThefirsttermZL＊represemsthevaluewhichhegetsintheNashequUibriuminthesecondperiod,when 
helosesinthefirstperiodcompetition,given△Ｋ,pandW(theprincipalistwoinstrumems）The 
secondtermF(h)・△yistheexpectedprize,whichimpliesthatwiththeprobabUityofF(h),theagentcan
getthislumpypnze,whichisendogenouslygenerated ＄ IeequlllbrlumDavoirdqiferencelntheseconC 
p且nQdthroughtheincentiveschemepandW.ｇ(ｈｉ）isthecostfimctionofinvestmentsｈjintherelation
specificskills,ｗｉｔｈｇ'＞0,9''三0.Ｎｏｗ，weshalldefineuanduasfbllows．
万:=可α,ｇｉｐ,剛＝(αｃ"*ノイＰＣﾉ＋の*･〃－αe"*ノ
ｕ:=u(α’2｡,〃＝ｒａＣＬ*ﾉ･(ノー①ﾉｇ＋α－①*ﾉＷ－ＣにL*ノ
wh…則(４K＃｡ルサ(〔hooqu血可剛鮒・dwMO=;伽Mf薑O）
Solvingtheproblem,wecanobtainthemOCfbrageml． 
‘{α('-9,)ⅢF(ＭＪ[(2.-1)αQ'十2(1-')`(Ｍ十`ﾙｰez)］
＋[(2.-1)αQKi2+(5-2ﾙ(Ｍも)}=9Ｗ (21） 
Here，Ｋ１２＝ＫＭＩｍ＋どり＋Ｍ'2＋BJimpliesthattheRHS(righthandside)consistmgofinitialstock
Kplusthecapital(skill)accumulatioMlj＋どりbyagentlplustherateoftoftheaccumulationbythe
rivalsuppliersleadtothemodifiedstocklevelK12(LHS)atthestartofperiod2 
Theequation(21)implicitlydefinesthereactionfimctionofagentlintheHrststageThesimilar 
conditionscanbeobtainedwithrespecttoagent2・SincebothagentshaveidemicalskiUsatthe
beginningofthefirstperiodandsotheyareidentical,inasymmetncequihbrium,theincentivesare 
/'１*=ん2*=ん*(９ＭW）α,０，ﾑｺﾞﾉ．
Inthiscase,thefirstorderconditionsaresimplifiedasfbllows,whichcharacterizethesymmetricsubgame 
perfiactNashequilibriuminvestmentlevel． 
1８ 
(c"*-eL*)〃］
=ｇ'めりalf底21;fj1glflP (22） 
Thethreetelmsintheblacket｛）representthefbllowingeffectsThefirsttennrepresemsthe 
marginalincreaseofthevalueZL*(fbnnula(15))thatisexpectedtoobtaininthesecondperiodNash 
equilibrium,whenhelosesinthefirstperiodcompetition(race)throughincreasmgthecapitalinvestmem 
inthefirstperiodThesecondtermrepresentsthemarginalincreaseofthediscreteprize:ＺＢ,*-ＺＬ＊ 
MMMioMmWo伽ＭＭﾘｰ;MImmumJhO…mMthObM`…
respectively,ﾉﾉie伽eα蛾αand伽'、７９ﾌﾞ、/s”ZBHic城crThedirecteffectmeansthemalginal
revenuefi｢omtheincreaseoftheorderedquantitywithequalpmbabilityinequilibriumThemargmal 
strategiceffectimpliesthestrategicincentivefbrtheagentstoincreasemarginallythewinmngprobability 
inthefinalperiodthroughincreasingthedifIerenceofthefirstperiodcapitalaccumulation・Thetmrd
termisjMo"ｍｑ７７?e"/縦c/throughmarginalimprovementofwinningprobability,giventheequilibrium
payofTdifferenＣｅ,thatis,thediscretepnzeBysummingupthetwodirecteffects,theFOCs(Local 
lncentiveConstraims)aretransfbnnedasfbllows． 
`(;咄(Hw刑辮)"↓ＭＩｊＭＯ伽…)i､}Ⅶツ側
Further,inthistwostagegame,theglobalincentiveconstraintmustbesatisHedintheexantestageinthe 
firstperiodsymmetncequilibriumTheagentscanchooseanalternativetodeviate廿omtheintense
competition,beconnngcontemedwiththepositionoftheloserinthetoumaments,ａｎｄｓｏｔｈｅｙｃａｎget 
thefbllowingintertemporalpayo圧
U='w(がハｗ､卜が(αα－，ﾉ２便十Ｍﾊﾂ+2-胸） (23） 
wherehListhemaxlmandoftheabovefbnnulaEachagentcansecureatleastthepayofTof2by 
choosingthelevelofhLwhentherivalmaychooseh*・Ｎｏｗ,1etuschecktheglobalincentiveconstraint
ortheexanteindividualrationalityconstraintinthefirstperiod． 
1９ 
`＝[川ｗｼｗＭ乳ﾙｯＭ，'ｼごU
-a等{ｊＭﾘﾙ雛+[,,ａＭ－肌披ﾙｰw_芸[c㈹十c㈹Ｍツ
三U=5{α(ﾉｰ｡ﾉqK十ｈＭiﾂ+且)-胸
=6{αα－．ﾉQ(K十Ｍ/，*+eL*ﾉ+α-の(ＭＭ"*-eL*》"-cにL*ﾉ}-9ｲﾉｸﾂ
(24） 
Puttingthisinequalityinorder,ｗｅｏｂｔａｉｎ 
`等ｉＭﾘﾙｲ+二ＩＭＭﾂご剛－．ﾉ船川"ﾉｗ－ｇ１ﾙｿｰ (25） 
Hence,weobtainthefbllowingproposition4aboutthe(exante)globalincentiveconstraint 
[PToposition41:TheGloballncentiveConstraintsinthefirstperiod 
ThereexlstsasymmetncequUibriumabovethelevelofhLinthe5rstperiodonlyif 
`{字}(耐'ｗ)ぜ(皿Ｍｗ)(ｊＭｗ)}薑w,ﾂｰ小）
M｢…mebMMMHM2`);[手)(､(ノル鵬咋…
(26） 
represemstheexpected 
revenueobtainedfi｢omthefirstperiodcapitalaccumulation,becausetheagentscangettheone-halfofthe 
totalallotmemQinexpectation,underwhichheisaccumulatingthetotalcapitalofr+(1+`肱*inthe
firstperiodperunitoftheallotmentandgetstheshareofaofit,duetothebargainingpowerThe 
secondtermintheblacketistheexpectedprizegiventhewinningprobabilityinequilibrium(thepayofr 
spread（５－２)generatedintheasymmetricequilibriuminthesecondperiod,duetotheproduction 
allotmentpolicytotheagents）Therighthandside(LHS)istheextracostwhenheorshechoosesthe 
equilibriuminvestmentlevelh*,notthedefaultlevelhL,giventherival1sinvestmentbehaviorofchoosing 
h*． 
Wecanintelpretthisproposition4clearly,includingtheintelpretationofthethirdtemlofthe 
2０ 
LHS,intermsoftheincentiveconstraintinthefinitelyrepeatedgames(8)．ＩｎｔｈｅＬＨＳ,thesecondterm 
shows伽h……moMnthopm｡om-uM…伽iW÷ifh…hoP町…uuhm-
levelh*,whentheopponent(rival)playsh*・
Nonetheless,ifhedeviatesfiPomh*tohL,heloseswithcertamty,obtahnngtheallotmemoM-
pﾉgunderwhichhegetstheshareofaofthetotalquality(grossgainftomtrade),consistingofinitial 
stockK,hisinvestmenthLgeneratedbythefirstperiodcapitalaccumulation,andttimestherival1s 
largerinvestmenth*、IfhehadinvestedtheequiHbriumlevelofh*,hewouldhaveobtainedthelarger
benefitfromtheowncapitalaccumulationitselfthrougbgettingthelargerallotment,evenwiththe 
probabilityofone-half 
ThesumofthesetwotennsiMzeco""""α"、ﾉｂｍ(orthepenaltyimposeduponthefirstperiod
shirking(deviation)intermsofthesecondperiodpayoff)ofdeviatingfromh*tohLinthefirstperiodOn 
tbeotherhand,theLHSrepresentsthecostsavingoftheinvestmentduetothedeviation(Shirkingor 
Cheating）ThisMDecjbWaﾉﾉo"/"Ｃｅ"､』e、Therefbre,ifthecontinuationlossislargerthanthe
deviationincentive,thentheinvestmentlevelofb＊canbesupportedasasubgameperfectequUibriumin 
thefirstperiodNow,whenthecondition(26)issatisfM,wecancomparethelocal(marginal)incentive 
intbefirstperiodontheequilibriumpathwiththatofthecasewhenonlyoneagemisempIoyedlnthe 
caseofoneagent(bilateralmonopoly),theagentisgiventherateofaoftheendofsecond-period 
capitalstockK2representedby(1),whichisequivalenttothegrosstotalvalueoftradelnother 
words,theagentconsidershisorherbargainingpowerequivalentofthecapitalstockK2，astheprivate 
revenue,whenheorshedecidesthefirstandthesecondperiodinvestmentsHisobjectivefilnctionat 
thebeginningofthefirstperiodcanbedescribedas 
が:[`Ｍ２舟c(e)]-9(b） (27） 
Hechoosesthefirstperiodandthesecondperiodinvestmentlevels,soastomaximizethefbnnula 
Theequilibriuminvestmentlevelh8ande`satisfythefbUowingFOCs (27） 
(8)See,fbrcxample,Benoit,PandV,Krislma(1985)． 
２１ 
αｇ＝Ｃ７ｅＪ 
Ｊａｇ＝ｇ'(ｎＪ 
(２８） 
(29） 
Ｆｒｏｍthese,wecanrecognizethefbUowingfacts、First,theagentunderinvestsfiPomtheviewof
thewholeorganization,becausehecangetonlyasmallpartaofthevalueaddedwhichhegenerates 
throughhiscapitalinvestmentThisissocalledWMﾉ2Ｗ〕”6陀加''(moregenerically,FreeRider
problem）Seco､｡,wefindthattheefTbrtmadeinperiod2isgreaterthaninpeliodlThisisanend 
efYectinperiod2、Inthecasewherethetwoagentscompeteovertwoperiods,theequilibriumincentive
inthefirstperiodischaracterizedbythefirstordercondition(22`）ComparingtheFOCsinthetwo 
cases,first,thereexiststhedifferenceofthesizeｏｆ 
Ｍ－;ぬQ=;咽 （30） 
asfbrthedirectefYbctofcapitalaccumulationNext,letusconsiderthemarginalstrategiceHbctB 
(l-j)`(ei-eZ)WItimpliestheincentivefbrthcagentstoincrcasemarginallythewinningprobabilitym 
thefinalperiodthroughincreasingmarginallythedifferenceoftheendofthehrstperiodcapitalstocks 
againsttherivalagentThiseffectdoesnotexistintheonesuppliercase(monopolycase）The 
toumamentefYecthasthefbllowingimplicationlnthecaseofthecompetitionfbrtheallotmeminthe 
productionmcartelI'(thatis,inthemainmodel),theallotmentinthefinalstage(productionandsales 
stage)isbasedupontheranking(therankorder)ofthecapitalaccumulationinthefirstperiodUnder 
suchanallotmentmechamsm,whentheagentexertsthelargercapitalaccumulationandwintherace,he 
obtainsarelativelylargeallotmentthatimpliesthefiworablepositionfbrtheexpostcompetitioninthe 
secondperiod,wherebyhecanobtaintheadditionalexpectedprofitinequilibliumHeorsheexpects 
thisprizerationally,andcompetewithhisrival1ihead-to-headIisoastoincreasetheprobaMityof 
gettingit・TheindirectincentiveeffectresultingfTomthisbehaviorMle"Tb"mzJme"/"城cfWe
comparetherelativesizeofthesetwoefTects,obtaimngthefbllowingpropositionontheexantemarginal 
(local)incentiveinequilibrium 
IProposition5］ 
ＣＯ"WrjSo〃MWee〃ｍｑ７ｇｊｍﾉﾉ"Ｃｅ"rjvesJ
Sm/WseZ/､/Z/iereexjsLsiα""J9HeqW"meZrjce9zｲ肋rj"、/"Zｈｅ./7）mPeがocjlj.e､,伽j"e9zm〃ＣＣＷ〃
２２ 
/"eprqposjZjo"イ“ｗｅ"αMieﾉＤＣαﾉＣＯ"伽onsロツノ３３，域edlme",Zhee9"伽""、/"Ｃｅ"jjveh*js
jα'9膠'2/izm〃(irhejmﾉesZme"/ルveﾉ"雌γ伽o"eszl2p〃czｴ５６ノゲ”αo"｣!〕ﾉグ
0-桃洲辮)'州叱Q〃']１Ｍり小〔ﾜｰﾘ}鬘;α２ (31） 
TheimportamelememisZheZo"、c”e"/q'i2crasthesecondtermoftheLHS,whichconsistsof
thetwocomponentsOneisthetennfl〔O),whichimpliesthemarginalimprovememofwinning
probabilityatthesymmetncequilibriumTheotheristhesizeofprize(payofTdifference)generatedin 
theasymmetncequilibrium,colTespondingtothetennsintheblacket（）Thefirsttenninthe 
blacket，ａＱｐｐ－Ｉ"Ｘ＋(/＋リノz鰯ノisthedifferenceintherevenueevaluatedat〃`,resultingfiPomthe
partofthefirstperiodcapitalaccumulation,baseduponthediffbrenceoftherank-orderinthehrstperiod 
competitionpp-〃QrepresentsthedifferenceintheassignedallotmentsDuetoit,thewinnercan
getthemorerevenue,evenwiththeequalequilibliumincentivesThesecondtemLu-2represents 
thepayofTdifferenceinthesecondperiodbetweenthewinnerandtheloser、Ofcourse,themalginal
strategicefYbct;(1-')`(eﾙｰeZ)〃ispositivefbrO<i<１０ntheotherhandtheRHSisthedirect
effect(30),whichimpliesthatthecompetitionhasanegativeincentiveeffectfiFomthispointofview 
HerewecanrecognizethefbllowingfactsFirst,asfi〔O)islarger,thatis,asthesupportofuncertaintyat
theendofthefirstperiodbecomessmaller,thisinequalitytendstobesatisfiedInaddition,asisIarger 
thediscreteprizeinequilibrium,theinvestmentovertheholdupleveldefinedby(29)tendstobeinduced 
Nonetheless,notethatitisanotherproblemwhetherthatprincipalreallyhasanincentivetomducethe 
aboveincentiveWeanalyzethisprincipal1soptimizationprobleminthenextsectio､． 
Figure4aroundhere 
3.3meOperjoamieZW"cやαハルo6化、
Last,wefbcusonthebehavioroftheprincipalThisistheproblemontheoptimaldesignof 
contractfbrhertomaximizeherprivateprofit・AtthebeginningoftheOperiod,theprincipalChooses
bothp(theproductionshareassignedtothefirstperiodwinner)andＷ(themonetaryrewardsgivento 
2３ 
thefinalwinner),andcommitsherselftothetwostrategiesHerobjectivefilnctionis， 
汀議(｡〃)=川-α)ｃ伝H1+りんり十[,e"M-PﾉcL*]}-〃 (32） 
Thisfbnnulaimpliestheshareoftheprincipalofthetotalvaluegeneratedbythemduced 
incentives,minusherfixedcost(monetaryprize）Afterall,theplincipal1sproblemistomaximizethe 
expectedpayofT刀*仲,〃definedasthefimctionofbothpand砿subjecttotheineqUalityconstramｔｓ
７≦｡≦land船0,theglobalincentiveconstraints(26)andPZ*三0,conFespondingtotheexanteand
inte、(expost)participationconstraintsofagents・Hence,theproblemisfbrmulatedasfbllowsThe
principalchoosestheoptimal",叩tomaximizehisexpectedpayofTatperiodOfi｢omthesetofcredible
contractswhichsatisfiesthesemcentiveconstraints． 
IProblem］ 
M…(Ｍ'):=5('一α)ルル+(I-M2J-w
〃,岬
5ｔ.(26）・…・theglobalincentiveconstraintoftheagemsinthepelfbctequilibriuminthefirst
period 
WH1z0…theparticipationconstraintofthelosertotheexpostcompetition 
.(5),(6)…thelocalincentiveconstraintsinthesecondperiodequilibrium 
.(22)…thelocalincentiveconstraintsinthefirstperiodsymmetricequilibrium 
Thelagrangeanfbrtheproblemiswrittenasfbllows． 
Ｌ＝汀*仲,剛十座１．Ａ]＋’2Wi2L＊
j withtheadditionalconstraims,す≦①≦／andﾘｸﾞE０．
Forthenotationalsimplicity,weincomoratethelocalincemiveconstraimsinthefirstandsecondperiod 
intotheconstrainedobiectivefimctionoftheprincipal(thatis,theLagrangean〕（汀*砂,〃is,asthe
fbnnula(３２)shows,theexpectedprofitoftheprincipalachievedontheequilibriumpath,fbrwhichthe 
2４ 
equilibriumincentivesinthefirstandsecondperiodaresubstituted）Ａｎｄ△,iMieslJckassociated 
withthefirstperiodglobalincentiveconstraint,anditequalstotheLHSminustheRHSofthefbnnula 
(26）Now,letusconsiderthefirstorderconditionsfbrtheoptimum 
First,asfbr9D(theproductionallotmentshare),ｗｅget 
弩着色､｝差薑…|川惰ルー川等冊
切,{詩]M鬘[等]鬘, (33） 
whereβノａｎｄβzarethenonnegativeKuhnTuckerMultipliersassociatedwiththeexanｔｅａｎｄｅｘｐｏｓｔ
皿constraintsAsfbr(33),wecancheckthat
篝薑咽(;に州ｅＭ+Mﾊｯﾄ,
Hence,aspincreases,theglobalincentiveconstraintfbrthefirstperiodcompetitiontendｓｔｏｂｅ形ﾉmccZ
Omoof…圏｡､SMI…､in…eofthoo…p伽;(５－……Ｍ･…ho
otheristhedecreaseoftbeequilibriumrevenuewhenhewouldloseinthefirstperiodcompetitionand 
wouldbe,asaresult,assignedtotheallotmentｏｆ1-.．Thisimpliesthatthepenaltybecomesseverc 
Thesetwoeffbctsinducetheagentstopal-ticipateinthefirstperiodcompetitionorweakentheir 
incentivestodeviate(cheat)tothelevelofhL 
Alsqweseethat 
等一辺{川り１Ｗ")<,
Hence,aspincreases,theglobalincentiveconstraintofthefirstperiodloserfbrthesecondperiod 
competitiontendstobe/妙rhotherwords,thelosertendstoexit(quit)丘omtheexpostcompetition
Last,theeffectoftheincreaseofpupontbeequilibriumsurplusoftheprincipalis， 
2５ 
等`(Mgl川){奇ルー川等Ⅲ竺祭]｝川
TMM…側ルリ{奇}M…………巾…M…wh…。
increaseoftheexα"/eincentivesbytheincreaseofpDifferentiatingFOC(２２)andaITangingit,ｗｅ 
get 
一間川効＊
力伍仰一ＵａＱ(ﾉ＋ＩＭＯノーｇ'7ｈＷ
Thedenominatorisnegativebecauseweassumethatthelocalsecondorderconditionwithrespect 
tothefirstperiodinvestmentincentivescanbesatisHedThus,thesignoftheRHSoftheabove 
･叩…壜…･niM………(割Tb……Ｍ+・か,…
閉Mmbi…'卯･伽･Ｉ｡…･MMmi………･MhoⅧonh。
equilibriumpath,wheretbewinningagentchoosesthelevelofew＊andthelosingagentchoosesthe 
levｅｌｏｆｅＬ*,isenhanced,andthatthemarginalincreaseofthisprizehasthepositiveindirecteHectupon 
thefirstperiodincentiveThesecondblacketistheeffectwhichleadstotheincreaseoftheexpost 
(secondperiod)incentiveFirst,fiFomthepropositionl，ｅ"*‐ｅＬ*副(ilheme9zm"びんo肱ｗｈｅ〃
';」
(割刎(型;宕型)…mmi…'Ⅷ…｡’･鬮伽Next， 
Hence,theincreaseofpimpliesthesubsidy(tax)tothewinner(loser),andsoithasapositiveeffect 
upontheexantecapitalaccumulationbutalargenegativeeffbctupontheexpostincentiveoftheloser・
Thepointisthattheincreaseof9DdiscouragestheloserlargelyintheexpoststageInadditiontoit， 
youcannoticethatthetermoftheexplicitcostdoesn1tappearinthisequationInthetraditional 
tournaments,theprincipalneedstospendthemonctaIycost(prize)inordertoinducetheincemives， 
whileitdoesnltappearin(33）Thisprovidesahintastowhytheprincipalmayusethe〃o"、o"eZcmノ
incentivescheme,suchas11theassignmentofallotments11． 
2６ 
ThisisclearfiPomthefirstorderconditionaboutthemonetalyprize:(7)WThefirstorder 
(Kuhn-Tucker)conditionfbrtheoptimumfbrWis， 
型i;;二コ]｝器薑"-．胆(咄,{等]鶚際諜，
Ｍ１[第]柵際]-‘薑, (34） 
Thefirsttenninthefirstlargeblacket（｝isthemarginalbenefitfbrtheprincipalobtainedfmm 
thefirstperiodthroughthemarginalincreaseofW・Thesecondsmallblacket
[等冊竺ﾎﾞ割､IMM岬……皿M･…､…伽…｡'･HM
throughincreasingWA1so,theincreaseofWaccompaniesthedirectmarginalcostequaltoone 
Whenweconsidertheimplicationsofthesefirstorderconditions,thenoticeabIepointsaretwo-fbld、
ThehrstpointisonthefirsttermofthefirstbIacket（） 
DifferentiatingFOC(22)withrespecttoWandalTangingit,ｗｅget 
－Ｃの*-〃./rZリ〃｜〃 {6.仰一〃．α２．口＋，./irZリーｇ'7ｈＷ
SincethedenominatorisnegativefiomthefactthattheSOCarelocallysatisfiedintheneighborhoodof 
h辮伽ＭｔＭｌ…u…P…｡､[h刑…｡､U…1.,Ｗｂ．…÷１h．…蝋〉
ｅＬ*and2の(△Ｋ＋ｅ"*‐ｅＬﾂｰﾉ>OThus,thesignofthetotaleffectispositiveBytheway,the
increaseofWinducesbothincentivesofthewinnerandthelosermthesecondperiodHowever,itwas 
shownfi｢omtheproposition2thatthespreadofincentivesdeclinesbecausetheloserprovidesmore 
incentivesthanthewimerinthesecondperiodIfso,themcentivesofbothagentsinthefirstperiod 
seemtodecrease,becausethefiltureprize(reward)wmchwUlbeobtainedthroughwinningmthefirst 
periodcompetitionseemstobecomesmaller,smcetheloserrechaUengesthewinnerseverelyinthe 
secondperiodHowever,noticingthate〃＊ａｎｄｅＬ＊arechosenoptimallyintheNashequilibriumin
(7)WecanmterpretthispInizeasakinｄｏｆｅ伍ciencywagesfbrmducmgthedynamicmcentlves．● 
２７ 
thesecondperiod,thetotaleHectonthesecondperiodprizethroughthemmginalchangeofｅ〃＊ａｎｄ
ｅＬ＊disappearsけｏｍｔｈｅｅ"MbYMeo”mOntheotherhand,thedirectefIbctofincreasinge6Hciency
wages型Ｌ２の(Ⅸ+e"*-eL*ﾉｰI>OremamsHence,thereremainsthecffectthattheaWy 
incentivesinthefirstperiodareinducedthroughtheincreaseofthesecondperiodprizebyincreasｉｎｇＷ・
From(34),ｗｅseethatthemarginalincreaseofWcostsoneunitexplicitlyThisimpUesthateven 
thoughtheincreaseofWinducestheinvestmentincentives,itiscostlyintennsoftheincemivecost、
Ａｌｓｑｗｅｃａｎｃｈｅｃｋｅａｓｉｌｙ 
ン〃
〃仙一〃
TheseinequalitiesshowthatiftheprincipalmcreasesW,theglobalincentiveconstraintstｅｎｄｔｏ 
ｂｅＭｍ巴dorsatisfiedinthefirstperiodandthesecondperiodequilibrium,andthisfactmtuitivelyhasa
veryreasonableimplicationthattheincreaseofWenhancesthefascinationofthecompetitiondirectly， 
andsomakestheagentswillingtoparticipateinit 
Ingeneral,theexpressionoftheLagrangeanisnotconcaveinoandW,sincetheresponsiveness 
oftheincentivestopandWisinvolved,ｉｎparticular,theglobalincentiveconstramtsarenotgenerally 
convexSo,thecharacterizationoftheoptimalOandWareinvolved,anditisdifIiculttofimy 
……h｡…MmonIo≦"伽:≦｡≦ﾉい;isnot。p…『…．i…i‘
｡＝;Ⅱ strictlydominatedby TheproblemfbrtheprincipalistomaximizetheLagrangean 
(constrainedobjectivefimction)subjecttothetwoinequalityconstraintsnoticingtheresultsoftable 
lConsideringtheimplicationsofthefirstorderconditionswithrespecttoe"？ｅハル*ａｎｄｐ,砿we
obtainthefbllowingpropositionsonthepartialcharacterizationoftheoptimalallotment(production 
shaTeorquantityshareorderedfmmtheprincipal)andthesecondperiodprize(monetarypayment） 
Tablelaroundhere 
[Proposition61 
Whentheprincipaldecreasesp(theaUotmemtothewimerinthefirstperiod)marginallyfiroml， 
2８ 
iftheefTectwhichgeneratestheexpostcompetition(theincreaseoftheaverageinvestmentlevel)is 
largerthanthedecreaseoftheincentiveofthefirstperiodandtheincreaseoftheWrmaﾉcosrwhich 
arisesinthecontrolofthedynanuccompetition(theincreaseofthecostoftheglobalincentive 
constraint),then｡＝１(acomersolutionviewedas'１EliminationToumament(separatetheIoser)Ⅱ)isnot 
optimalfi｢omtheviewpointoftheprincipal 
Thisisduetothefbllowingreasons・Iftheprincipalcommitsherselfto｡＝Iintheexantestage，
thesituationoftheexpoststageisnothingbutamonopolyconsistingofthewinner,andsqthemarginal 
incentivecharacterizedbyC7eソ＝αＱarises・Ontheotherhand,themarginaldecrease(perturbation）
ｆｒｏｍ①＝ﾉｔｏｐ＝ﾉｰどleadstothediscrete(l-order)lossofthefirstperiodincentivethroughthediscrete
changeofthesecondperiodprizefmmthemonopolyrenttotheduopolyrent・But,asfbrtheexpost
stage,thedecreasefiromp＝／ｔｏｏ＝j-fbringsaboutthediscretemcreaseoftheexpostincentives， 
whichisinthefirstorder・Concretely,evaluatingthelatterpartofthefirstblacket｛）oftheequation
(33)ａｔ｡＝ムwhichrepresentsmarginalchangeoftheexpostequilibriumincemivesbythemalginal
changeofp,ｗｅｇｅｔ 
塵い[等LF…((州椰州州薑0に`） (35） 
(H……､.M,｡…｡.…tionC⑥=;川｡｢｡….肋｡｡,…川WeSh･uld
investigatethemoregeneralcostfimctions,butitisexpectedthattheessencewillbethesameasabove） 
Weobtain(35)fiFomthecomputationofthecomparativestatics・Noticingthatthesecondtermis
strictlypositive,ifwereducethevalueofpfi｢omltoI-f， ＪＰ ｌｌｅｑＣＯｕＩＤｅ[ｌＩＩＯｒ 
．.…剛M……………･加川N…,{篝］望eneratln2etl〔
representstheenhancementofherproHtthroughthereIaxationoftheexanteglobalincentiveconstraints 
inthefirstperiod,byincreasingp． 
ⅢoodMi…[等ﾙ…Ⅲ｡…Mh……即…･……
postglobalincentiveconstraint,whichimpliesthatittendstobediHicultfbrthelosertorechallengethｅ 
２９ 
competition,ａｎｄｓｏ,itbecomesdiHicultorvirtuallycostlyfbrtheprincipaltoinducetheloserto 
participateintheexpostcompetltlon 
m｡…………[篝]M{等]伽,胸M……例M………
theincreaseofthecostofcontrollingcompetitioni1・TheseadditionaltermsareZﾉZejojZJ/WrZzUaﾉCOS応in
controllingcompetitionThisshowshowtheprincipalshouldpay(impose)thereward(penalty)touse 
theallotmentpastheincentiveinstrumentSincethenegativeeffectupontheexanteincemivesis 
discretelylargeaspmovesfi｢ｏｍｌｔｏﾉｰＦ,when'１thecompetitioncreatmgefIbctinthesecondperiodⅡ 
whichdominatesovertheabovenegativeincentiveeffect,islessthantheincreaseoftheincentivecostof 
controllingcompetitionevaluatedat9＝ﾉ,theprincipalshouldreducepfiFoｍｌ,estabHshingtheexpost 
competitionfbrthepaymentWinordertoincreaseherprofitThismeansthatnonelimination 
tournaments,lettingtheloserrechallengeinthe2-period,arepreferable,intennsofthetotalbalanceof 
tbeexanteandexpostefIbcts,especiallyunderthesimationswherethesecondperiodcapital 
accumulationsarerelativelyvitaL 
Thisproposition6tendstobesatisfiedastherateoftechnologytransfer：tisclosetoLItis 
because,bythefilctthattheequilibriumincentivesexpoMncreasesastisclosｅｔｏｌ(Corollary2),and 
alsotheexpostincentiveconstrainttendstobesatisfied,thevirtualexpectedprofitfiFomthesecond 
periodcompetitionisincreasedけomtheviewpointoftheprincipal・Inthiscase,itdoesn0tcontradictwith
theintuitionthat｡=ノ(theprincipalgivesthemonopolyrenttothewinner)isnotoptimal
Next， 
[Proposition7］ 
IftheuncertamtyattheendofthefirstperiodissufIicientlysmall,andifthebalgainingpowera 
.｢a…nd1MM鐵｡…。'Micm'y'岬ﾙｰﾅＭｏＰｉＭｍ｡伽rwoMopm@
Ｍ.tm……>;Wim……･灘Woh…y伽p…
Theeconomicintuitionofthispropositionisthesameasthepropositioｎ６Whentheprincipal 
c・mmi….,f川=÷…,ib…..､伽､,｡…｡P…｡､……｡m噸釧
condition 
3０ 
手Ⅷw=Ｍツ (36） 
Ontheotherhand,asfbrtheinvestmentdecisioninthefirstperiod,thetwoagentssimultaneouslyand 
independentlydecidehowmuchtoinvest,expectingtoobtaintheexpectedreｎｔ 
ｐの(Ki2-K92ﾉｰﾘ砿giventhedifYerenceofcapitalstocksKM92,ノヵatthestartofthesecondperiod
subgamesAgentjsolvesthefbllowingproblem,giventheincentiveofagentハカル
聯孚[､ルー]冊Ｍ〃[2のルＭ]ルg〃
ｊ≠〃＝Ｌ２
ThefirstorderconditionwithrespecttoAjis， 
が孚剛ケル['の伽』Ｍ]w+`州"{川,伽卿]w-g〃
ｊ戒ﾉｰﾑ２
Thefirsttermistheshareaofthemarginalincreaseofthequality,undertheexpectedallotment 
of当QTM..｡､雌､nMMm…｡｡Ⅱ………｡…｡,､mdh・ught…m
improvementofthewimingprobabilityinthefirstperiod,andthethirdtelmisthemarginalincreaseof 
theexpectedrentinthesecondperiodthroughthemarginalimprovementofthewillningprobabilityinthe 
secondperiodNow,werestnctourrestrictiontothesymmetricequilibriuminthefirstperiodThen， 
weobtainthefbllowingequation,characterizingtheequilibriuminvestmentlevel 
a型+Ｍ-ひ`〃ｗ=g'〃２ (37） 
{作ﾅ加川｝IftheagentsPlaythe11twostageⅡinvestmentgameundertheregimeof the 
equilibriuminvestmentlevelsarecharacterizedbyboth(36)and(37）Inthelefthandofbothequations， 
３１ 
thefirstte『mcorrespondsto/ｈＭｒｅｃＺ妙asuchthattheagentsexpecttogettheallotmentof2in２ 
equiliMumandreceivetheshareofαofoneunitincreaseofthecapitalaccumulationbytheir 
investments,astheprivaterevenuesThesecondtenniscalleMle(mCmg7mりsZ7megjc城α,whichis
theproductofthemonetaIypaymentandthemarginalimprovementoftheprobabilityofobtainingW 
ThesumofthesetwocolTespondstothemarginalbenefitoftheinvestmemineachperiodNotethatin 
(37),ifﾉｰﾉ,thestrategiceHectdoesdisappear,becausehisperfbrmance(accumulation)isperfectly 
transfelTedtotheriVal,sothatheisperfectlyexploitedbyhisrivaltheprogressobtainedthroUghhis 
cosMmⅢＭ………､．伽goof…;1゜;+川h・MhoM…‘
inthesecondperiodisonlyinthesecondorderthroughthemarginalchangeoftheequilibriumlevel 
While,asfbrtheincentivesinthefirstperiod,thediscretepnzecanbeobtainediftheownpelfbmlance 
beovertherival1sandso,intherewardfimction,伽伽ＣＯ"ﾉﾉ""ozｲs/"〃ansesattheachievedlevelof
therival1scapitalaccumulation（SeeFigure3） 
、,…nｍ,p､､…now,Ｗｈ､川薑÷ih…M…Ｍｅ……ughtho
I observabilityoftheprogressonthewayattheendofthefirstperiodOntheotherhand,ＷｈｅＭ=可＋
ｆ,where＄ｉｓsmall,Zｈｅ伽crejejozJm[J711e"/城aemergesasfbrthefirstperiodincentivesthrough
thediscreteprize(16),whichincreasesthefirstperiodequilibriumincentivesdiscretelyHence,the 
principalcaninducethemoreincentivesintermsoftheintertemporalincentivesbyperturbingthe 
／ a,ｎm.M､nM了!.÷川.chMMMsu伽､Ⅲ…〔Mom伽
ノ占三／α２Ｍ/rUI〃 (38） 
issatisfied(s1ThisisasufIicientconditionoftheoptimalityofadoptingthetwostagetoumaments(the 
allotmentandthemonetalyprize）（38)tendstobesatisfied,asf(O)islarger,inotherwords,the 
uncertaintyissmaller・LetusmentiontheaboveargUmentintheviewpointofZ/iemce""ｖＢｃｏ皿．Ｗｅ
(8)ReaderscanrequestthedetailofthederivationofthissuHicientconditionfmmtheauthor・Heismvestigatmgothcr
sulYicicntconditionsandamethod,whichdepictsthestrucmreofthcoverallgamcmorcclearly、
３２ 
cansaythattheprincipalcanincreasetheequilibriumprofit,byadoptingtheallotmentschemebecausehe 
canreducetheincentivecost(theimplementationcost,inthiscase,themonetalyrewardorpremium)to 
inducetheconstantlevelofincentivesontheequilibriumpath(9)． 
Next,weobtainthefbllowingpropositionaboutmonetaryprize(efficiencywage)Ｗ、
[Proposition8］ 
Itisoptimaltosetthepositivemonetaryprize：Winthefinalperiodunderthenonelimination 
toum…M…:加川
′wov･伽…等=2Ｍ+…鉄)-ｊ>‘
so,tbeintuitionofthispropositionisclear・IftheprincipalincreasesWundertheconditionof
等>Ｍ剛…｡､,y…､…｡｡ⅢnV…ntM…｡ﾑﾂM,…ndpm.｡川
alsotheincreaseoftheequilibriuminvestmentlevelh*inthefirstperiodthroughtheincreaseoftheprize 
△Ｖ,asthepayofFspreadintheasymmemcequiIibriumgeneratedinthesecondperiodHence,the 
prizeWsetfbrthefinalwimerhasthelongtermeffect,anditisadevice,combinedwiththeallotment 
scheme,fbrinducingtheincentivesfiomagentsovertwoperiods． 
４Discussions 
４ノSb9zJe""αﾉcmsj87Tme"/q/ＭＤ""e"ね
Iftheprincipaladoptsthesequentialassignmentofallotments,hemaybeabletoincreasehis 
equilibriumprofitTheessentiallogicisasfbllows・IftheprincipalcandividetheHrstperiodintotwo
……sigM【･巾｡M…tMr……｡÷川M…h…>÷t刷鵡↑
orderincreaseoftheincentivewillbegeneratedinthefirstsubstagewhilethesecondorderdecreaseof 
theincentivewiIlbegeneratedinthesecondsubstageinthefirstperiodIfthenetincreaseof 
intertemporalincentivesinthefirstperiodbelargerthanthemarginalcostincreaseoftheincentiveinthe 
firstsubstage,ｔｈｅｎetpositivesurplusbegeneratedTheprincipalcantransferthegainfi｢omrelaxingthe 
exanteⅢconstraimintothesecondperiod,andreducethebasepaymentfbrthelosertoparticipatein 
3３ 
theexpostcompetitiondiscretely,keepingtheprize〃constant・Hence,theprofitofthepmcipalwill
beincreased 
Thiscanbestatedthattheprincipalcandecreasethereward(premium)Winordertoinducea 
givenlevelofintertemporalincentives・Ｗｅｍａｙｂｅａｂｌｅｔｏｆｉｎｄｔｈｅｏｐｔｉｍａｌｎｕｍberofassigmnent・But，
theessentiallogicisasabove 
ｲ２ＣＯ叩arajjveSm/jcMie〃c応q//heexqgu"o"叩ｑｍｍｅ花'1MPoMie“/q/伽c花励化ＣＯ"”c心
α''[ﾉＺｈｅｃｐ"、αﾉﾉ"Ce"ｒｊｖｅｓｃﾉ7ｃｍＣｓ
（１）Ｔhebargainingpoweraoftheagents:thisisa`zero-sum，factorbetweentheprincipalandthe 
agentS 
Asabecomessmaller,theparticipationconstraintsfbrtheagentsbecomestighter・Hence,the
principalmustincrease〃fbreach似inordertoincreasethefascinatio、ofthecompetitionTheeHect
uponthepayofToftheprincipalisambiguous,becausethebargajningpowerl-aincreasesbutthe 
monetarypayment〃alsoincreasesandtheinducedincentivesontheequilibriumpathmaymcreaseor
decrease 
（２）Thedemand(totaltradevolume)Ｑ:thisisa`non-zero-sum,factoramongtheprincipalandthe 
agentsTheinterestingcaseisthecasewhenQdecreasesAsitdecreases,theincentivelevels 
themselvesdecreasesBut,fiFomtheFOCs(22),thecompetitivepressurefbrtheallotmenttendsto 
pushtheincentivesoftheagentsovertheholduplevels4Thissuggeststhatthiskindofprocurement 
mechanismwithsuppliercompetitiontendstobefhvorableovertheonewithasinglesupplier,whenthe 
marketisslumplnpractice,theJapanesesubcontractingsystemwithsuppliercompetition(`Controlled 
competition，）hasratherestablishedaftertheexpenencesoftheoilshock． 
（３）Thetechnologytransferratet:difTerentfiFomAnton-Yao(1988)andRiordan-Sappington(1989)， 
letusinvestigate especially,theglobalincentive 、ahtectsuDonthesetofcredlblecol
constraintoftheloserinthesecondperiodNeedlesstosay,astincreases,notonlytheexpost 
equilibriumincentiveswillincrease,butaIsotheglobalincentiveconstraintoftheloserwiUberelaxed 
Hence,theexpectedproHtoftheprincipalwillincreaseintheviewpomtofthesecondperiodNext,we 
shaHinvestigatetbeefTectuponthefirstperiodNoticingthatthetechnologytransferismadem且[the
interimrankingwiththeallotment,thetechnologytransferwillincreasethefirstperiodprizefiPom(16） 
andｓｏ,thefirstperiodequilibriumincentivesThus,theequilibriumprofitoftheprincipalinthefirst 
3４ 
periodwillalsoincrease 
４３Sb9"e"'/α/Ｒａｊｊｏ"α"〃CO"s”j"fsiq/此ＺＷ"cjpaﾉﾉｂｒｐａ７,‘〃
,andsqwillreducethe Thisincrease TｅｎＵｕＩＤＣｒＯＩ 
attainableequilibriumprofitfbrtheprincipal． 
4イZﾙｅＭｔＪ"o"sIpec抜cノリａ７ｍｈｅｑｊクセαq/Zheo"/s肱qpZjo"・
Theimuitionisthatastherelationspecificityisreduced,theoutsideoptionincreasesanditbecomes 
hardertolettheloserparticipateintheexpostcompetitionHence,theprincipalmustcompensatethe 
loserfbrtheparticipationinthefb､nofmorewagepayment． 
4川emoreルｘｉ６Ｍ/ｏｍｅ"ｒｓｃｈｅｍａｗ(AK）
ThiswillclearlyincreasetheequilibriumpayofToftheprincipal,because 
l1ﾕﾕnlnq且､'且controlledbyherincreases
ｌ⑤IlUIIlU⑤ＩＵｌＬＩＩｔ 
467ルル"egoﾉﾉα"o"片０６伽ﾑ〕ﾉﾊﾞﾙeルノ"ciPaﾉj"伽加/erjms血19巳
Supposethatattheinterimstageaftertbefirstperiodcompetition，theprincipalcanofIerthe 
renegotiationoftheinitialcontractThen,shemustsatisfytheindividualrationalityconstraintsfbrboth 
agentsEspecially,ｓｌａｃｋｃａｎｂｅｇｅｎｅratedfiFomtheglobalincentiveconstraimsfbralltypesexceptfbrthe 
worsttype且，keepingthesizeofprizeconstantHowever，suchtypeofrenegotiationconnectsthe
reductionoftheprincipal，sbasepayment(hence,thetotalpayment)inthesecondperiodtothetightness 
oftheex-anteindividualrationalityconstraintsoftheagentsThereductionofthebasepaymentis 
"punishe｡”bybeingrequiredtorelaxthetightenedindividualrationalityconstraintThisgivesaninsight 
thattherenegotiationcanredistributethepayofTcontingentuponthestatesofnatureafterthefirstperiod， 
byexploitingtheslacknessintheagents，expostparticipationconstraim､butthatthisrequirestothe 
principalotherfbnnsofcompensations．(9)Iftheprincipalcombinesthesequentialassignmentof 
(，)Thisideathatsmcjtcq"be施火dthrougharenegotiationhasananalogywiththelecentfinancialcompactmg
Iiteratu1℃s,egWebb(1992） 
3５ 
allotments,generatingthesumlusinthefirstperiod,withtheexpostrenegotiationmemionedabove，she 
willbeabletoincreasetheexpectedprofitbyexploitingtheslackinthesecondperiod： 
化し(天岬)/(s)血satisfyingth…ameindMMrationalityo・nstraim
5.ConcludingRemarks 
Inthispaper,wemodeledasituationwhereafbw,fixedmembers(egpartsuppliers）compete 
dynamicallyinorganizationsandinvestigatedhowalimited，butactiveinterventionpolicybythe 
principalintothecompetitionafTectsthedynamicincentivesoftheagentsandcanin｡ucethehigher 
capitalaccumulationInJapanesestyleofcompetitions,itisoftensaidthattheredoesnotexisttheloser 
inthetmesense,initssense,noneliminationtoumaments・Whentheprincipalcannotexplicitlywriteand
commitherselftothestate-contingeminitialcontract,thereoftenoccursthe`Hold-upproblem，,leading 
totheunderinvestmemproblemsEveninsuchsituations，theprincipalcandesignthemulti-dimensional 
races,andinducethefirstperiodincentives,mainlyseekingfbrthenonmonetaryreward(lalger 
allotment),andatthesametime,keepingtheinterimequalityincapitalaccumulationlevelsthroughthe 
technologytransfer，inducetheactivecompetitioneveninthesecondperiodfbrtheotherplizeThistype 
ofcompetitioncanbeintelpretedasthevoicemechanismsuggestedbyAmrslman(1970),especially， 
thevoicemechanismdesignedbytheprincipaLwithmonetaryandnonmonetaryincentiveschemes. 
Ⅳ．…｡‘･伽･川｡=÷und…､…･us…｡w…｡r仙叩……
theinterimstageiso6serya6ﾉbwitheachother，thesubgameplayedbytheagentsisessemiallytwostage 
gamelnthiscase,asthesecondtennof(37)shows,theex-anteincentivesamongtheagentshas 
voluntarilyincreasedthroughthemarginalstrategice舵ctOntheotherhand,undertheinfbnnation
structurecorrespondingtothe〃"o6seryabj"〃ofcapitalstocksattheinterimstageinthesolutions
om=÷伽w・…MUP'……｡…w……緬川……伽叩〃
αc"加川ＣＭ伽velZMWoPelM,andsothestrategiceffect:(1-/)`(O)WdoesnotoccurThis
canbestatedthatiftheprincipalcanmanagetheinfbrmationstmcturesuchthatthetwoagentscan 
observeeachother，scapitalaccumulationoutcomemthefirstperiod,moreincentivescanbeinducedby 
(l-j)`(O)〃inthefirstperiod,fbraconstantprizeWAddingtoit,wcinvestigatcdhowtheprincipal
strategicallyutilizestheincentivecreationefYectthroughthechangeoftheinfbnnationstlucture,ｂｙ 
3６ 
adoptingtheallotmentscheme・Asaresult,weshowedthatundersomesufficientcondition,theprincipal
山,鱸MIoim・Ｍｎ…･ﾝ告…nindu.｡….…MroughMs…､…
differenceofequilibriumpayofTb,andsofbrtheintertemporalincentivesThistypeofinfbnnation 
managementpolicyandtheprincipal,sstrategyofutiIizingthechangeoftheinduceddynamicincentives 
.．（10） isessentialboththeoreticallyandfbranexplanationofthegrowthofolgamzatlons 
Wedidn,tgiveafilllcharacterizationofthesolutionoftheoverallKuhn-TuckerproblemWhen 
theexogenousconditionschange,howtheoptimalsolution(thecombmationsofthetwostrategies：① 
ｌ ａｎｄ〃)areaHectedinaninnersolution7Undcrsomeexogenousconditions,acomersolutionofp＝Ｚ
(notusingthetwostagetoumaments）or(9,｡＝land〃＝Ｏ)(eliminationoftheloserftomtheex-post
competition)maybechosenasanoptimalsolutionoftheKuhn-TuckerproblemHowever,weobtameda 
resultthatwhenthemarketdemandislarge,theuncertaintyissmalI,andthespilloverofthetechnology 
伽k､.M…l…川w･…um…witMI…(:<…､｡">0)!…bo
optimallychosenThisconditioncommensuratewiththesituationsunderthecatch-upeconomyOrthe 
Japanesesubcontractingsystemsinthesecondhalfofl980`s、
Wediscussedsometheoreticalremarksinsection41nthefUture,wewillexploreatheoretical 
analysisofmulti-dimensionalraces,includingequilibriumconcepts,controlofraces,ａｎｄproblemsabout 
comnutmentandrenegotiationofthedesignerofraces． 
(IC)ItiswellknownthatachangeofinfbnnationsmJcturesbringsaboutachangeofs位ategD/spaces,leadingtothe
changeofequilibriummcentivesAsfbrit,seeFudenberg-Tirole(1987)Fromapracticalpomtofvicw,Itami(1988） 
pomtsouthowaninlbrmationmanagementaHbctstheinccnnvesofqualityimprovementmtheJapanesesubcontractmg 
system 
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